ADS has developed an ion chromatographic method which enables low part-per-billion levels of analysis while minimizing liquid waste generation. This method incorporates several recent technical improvements in ion chromatographic instrumentation to achieve a tenfold increase in sensitivity over existing ion chromatographic methods without additional analysis time or sample pre-concentration. This report outlines the method, establishes the precision and accuracy levels, and discusses the applicability of the method t o waste minimization and radiation exposure reduction.
IIWFt ODUCTION
Ion chromatography is used t o determine common anions and cations in aqueous sample matrixes. In this analysis, a sample is introduced into a flowing stream (mobile phase) which carries the sample through'an ion exchange resin. Ions in the sample are separated by differential interaction with the resin and quantified through conductivity detection. The detection limits vary depending on the size and electronegativity of the ion and the ability of the ion t o conduct (and thus be detected) in solution. The detection limits of commonly requested anions range fiom tenths of a part-per-million for smaller, more conductive ions t o tens of parts-permillion for larger, less conductive ions. The detection limits for commonly requested anions (fluoride, formate, chloride, nitrite, nitrate, phosphate, sulfate, and oxalate) are listed in Table 1 .
The ability to detect ions in solution by conductivity detection is limited not only by the conductivity of the ion but by the conductivity of the eluent stream. This background conductivity establishes a baseline beneath which ions cannot be detected. The conductivity of ions in solution must be nominally twice that of the eluent stream to be detected. If the background conductivity of the eluent is lowered (suppressed), the detection limits for ions in that eluent are correspondingly lower. Recent advances in suppression technology made lowering the sensitivity of the detector possible. By adjusting method parameters such as detector sensitivity, eluent concentration, and sample volume, the detection limits were lowered by an order of magnitude. This was done without lengthening the analysis time or increasing the volume of sample required for analysis. The precision and accuracy were virtually unchanged.
Equipment Description
The i o n chromatographic analysis system consists of a basic chromatography module, conductivity detector, analytical pump, electrochemical suppression system, and an integrator for data acquisition. The columns used are standard anion columns (ASSA, ASU, Fast-sep, or ASll), all with the corresponding guard columns. These columns are reasonably equivalent in retention time and capacity with the exception of the Fast-sep column which is of lower capacity and hence has a shorter retention time than the others. All data in this paper were acquired using the AS5A column. All equipment and consumables are purchased fkom Dionex. The basic instrument diagram is shown in Figure 1 .
Standards Preparation
1000 ppm (ug/mL) National Institute of Standards Technology (NIST) traceable standards of the eight anions routinely analyzed (fluoride, formate, chloride, nitrite, nitrate, sulfate, phosphate, and oxalate) are procured from a NIST traceable vendor.
These standards are volumetrically diluted to different concentrations from 0.1 to 1.0 ppm and used as calibration standards. The concentration of the different anions used is listed in Table 2 .
Preparation of a Standard Curve
Standard curves are prepared by plotting the concentration of a known standard versus the peak conductivity. The standard curve for each of the elements is made by the ion chromatograph using one standard and one blank. These curves are stored in the instrument's memory. Since the magnitude of the peaks is somewhat affected by changes in temperature, column packing, and eluent conditions, the instrument is recalibrated each morning that the analysis is performed.
LengthofTimeRequiredforAnalysis
The length of time for analysis depends on the column affinity of the individual anion, the eluent strength, column type, and eluent flow rate.
After a sample has been properly prepared, the chromatographic run to elute all eight anions takes 12 minutes using the instrument conditions listed above.
Accuracy and Precision of Measurements
Using the calibration standards listed above, the precision of low-level anion analysis is between +/-1 and 3% RSD. This is comparable t o precision using the standard method. Table 2 Electrochemical suppression uses the waste from the eluent as it passes out of the conductivity cell to cathodically produce hydrogen ions. These ions are produced at a level proportional to the concentration of cations in the eluent stream. The production rate increases as the concentration of cations in the eluent increases because the current is higher. Electrochemical suppression therefore suppresses the eluent conductivity more effectively. This lowers the background conductivity above which anions can be measured and correspondingly lowers the level of detection. Figures 2 and 3 show the chromatograms for a standard anion analysis and a low-level analysis. The detection limits, which are one tenth of the calibration standard value, in the low-level analysis range from 10 to 100 ppb. The detection limits for the standard method are an order of magnitude higher than this. This method is used for analysis of ground water, leachates, condensate samples, reactor moderator, and other samples in which the level of anions is expected to be less than a part-permillion .
Dilute Sample Analysis
Since the instrument can only accommodate aqueous samples, nonaqueous liquids and solid samples must be digested or dissolved in an aqueous matrix before an analysis can be performed. This dilutes the analyte concentrations to levels which are frequently below the detection limits of the standard ion chromatographic method. For example, the dilution factor for glass samples after digestion is 1000 (0.25 g glass in 250 mL liquid). Concentrations of anions in these dissolved and digested samples can now be quantified rather than just screened as being "less than detection limits."
Waste Minimization
The volume of waste is not reduced using this method since the only change is the method sensitivity. The length of time required for analysis and hence the volume of liquid waste generated are the same. However, the hazardous nature of the waste is decreased. Since the method is more sensitive, less sample is required. The same level of detection and precision can be obtained using a sample that is ten times more dilute. Hence, only one tenth the amount of original sample is required.
Radiation Exposure Reduction
To keep radiation exposure to a minimum, it is desirable to work with only the smallest volume of sample as required t o complete the necessary analyses. For this reason, a minimal amount of sample is brought out of the shielded cells or a glovebox for analysis. Any dilution or reduction in required sample volume is a benefit. Many of the highly radioactive samples, such as waste tank samples, have very high (greater than 10,000 ppm) concentrations of anions. Using the low-level ion chromatographic analysis method, these samples can be diluted 50,000 to 100,000 fold and analyzed. Data can be obtained without exposing the analysts to highly radioactive samples.
CONCLUSION AND PATH FORWARD
ADS developed and implemented a part-per-billion level i o n chromatographic analysis which can be used routinely in the lab. This method can be used both for samples containing very low levels of anions and for highly radioactive samples. The precision, accuracy, and length of time required for analysis are unchanged. ADS is currently testing additional method changes which will decrease the detection limits and required sample volumes even further. 
